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(54) Title: 



METHODS AND COMPOSITIONS FOR SYNTHESIS OF LONG CHAIN POLYUNSATURATED FATTY ACIDS IN 
PLANTS 



(57) Abstract 

The present invention relates to compositions and methods for preparing 
polyunsaturated long chain fatty acids in plants, plant parts and plant cells, such as 
leaves, roots, fruits and seeds. Nucleic acid sequences and constructs encoding fatty 
acid desaturases, including A5-desaturases, A6-desaturases and Al2-4esaturases, 
are used to generate transgenic plants, plant parts and cells which contain and 
express one or more transgenes encoding one or more desaturases. Expression of the 
desaturases with different substrate specificities in the plant system permit the large 
scale production of polyunsaturated long chain fatty acids such as docosahexaenoic 
acid, eicosapentaenoic acid, a-linolenic acid, gamma-linolenic acid, arachidonic 
acid and the like for modification of the fatty acid profile of plants, plant parts 
and tissues. Manipulation of the fatty acid profiles allows for the production of 
commercial quantities of novel plant oils and products. 
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comprising a transcriptional and translational initiation regulatory region, joined 
in reading frame 5* to a DNA sequence encoding a desaturase polypeptide 
capable of modulating the production of PUFAs. Expression of the desaturase 
polypeptide provides for an alteration in the PUFA profile of host plant cells as 
5 a result of altered concentrations of enzymes involved in PUFA biosynthesis. 
Of particular interest is the selective control of PUFA production in plant tissues 
and/or plant parts such as leaves, roots, fruits and seeds. The invention finds 
use for example in the large scale production of DHA, EPA, ARA, and GLA 
and for modification of the fatty acid profile of edible plant tissues and/or plant 
10 parts. 

The present invention further includes a purified nucleotide sequence or 
polypeptide sequence that is substantially related or homologous to the 
nucleotide and peptide sequences presented in SEQ ID N0:1 - SEQ ID NO:52. 
The present invention is further directed to methods of using the sequences 
1 5 presented in SEQ ID NO: 1 to SEQ ID NO:40 as probes to identify related 

sequences, as components of expression systems and as components of systems 
useful for producing transgenic oil. 



20 (20:4 A5, 8, 1 1, 14) and stearidonic acid (18:4 A6, 9, 12, 15) from pahnitic acid 
(Ci6) from a variety of organisms, including algae, Mortierella and humans. 
These PUFAs can serve as precursors to other molecules important for humans 
and other animals, including prostacyclins, leukotrienes, and prostaglandms, 
some of which are shown. 

25 Figure 2 shows possible pathways for production of PUFAs in addition 

to ARA, including EPA and DHA, again compiled from a variety of organisms. 

Figure 3A-E shows the DNA sequence (SEQ ID N0:1) of the 
Mortierella alpina A6 desaturase and the deduced amino acid sequence (SEQ 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows possible pathways for the synthesis of arachidonic acid 



IDN0:2). 



-6- 



wo 98/46764 PCT/US98/07421 



Figure 4 shows an alignment of the Mortierella alpina A6 desaturase 
amino acid sequence with other A6 desaturases and related sequences (SEQ ID 
NOS:7,8,9, 10, 11, 12andl3). 

Figure 5A-D shows the DNA sequence of the Mortierella alpina A12 
5 desaturase (SEQ ID NO:3) and the deduced amino acid sequence (SEQ ID 
N0:4) 

Figure 6 shows the deduced amino acid sequence (SEQ ID NO: 14) of 
the PGR fragment (see Example 1). 

Figure 7A-D shows the DNA sequence of the Mortierella alpina A5 
10 desaturase (SEQ ID N0:5). 

Figure 8 shows alignments of the protein sequence of the A5 desaturase 
(SEQ ID N0:6) with A6 desaturases and related sequences (SEQ ID N0S:15, 
16, 17, 18), 

Figure 9 shows alignments of the protein sequence of the Ma 29 and 
15 contig 253538a. 

Figure 10 shows alignments of the protein sequence of Ma 524 and 
contig 253538a. 

BRIEF DESCRIPTION OF THE SEQUENCE LISTTNQS 
SEQ ID NO: 1 shows the DNA sequence of the Mortierella alpina A6 
20 desaturase. 

SEQ ID N0:2 shows the amino acid sequence of the Mortierella alpina 
A6 desaturase. 

SEQ ID N0:3 shows the DNA sequence of the Mortierella alpina A12 
desaturase. 

25 SEQ ID N0:4 shows the ammo acid sequence of the Mortierella alpina 

A12 desaturase. 
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SEQ ID NO:5 shows the DNA sequence of the Mortierella alpina A5 
desaturase. 

SEQ ID N0:6 shows the amino acid sequence Mortierella alpina A5 
desaturase. 

5 SEQ ID NO:7 - SEQ ID NO: 1 3 show amino acid sequences that relate 

to Mortierella alpina A6 desaturase. 

SEQ ID NO: 14 shows an amino acid sequence of a PGR fragment of 
Example 1. 

SEQ ID N0:15 - SEQ ID N0:18 show amino acid sequences that relate 
1 0 to Mortierella alpina A5 and A6 desaturases. 

SEQ ID N0:19 - SEQ ID NO:30 show PGR primer sequences. 

SEQ ID N0:31 - SEQ ID NO:37 show human nucleotide sequences. 

SEQ ID NO:38 - SEQ ID NO:44 show human peptide sequences. 

SEQ ID NO:45 - SEQ ID NO:46 show the nucleotide and amino acid 
1 5 sequence of a Dictyostelium discoideium desaturase. 

SEQ ID NO:47 - SEQ ID NO:50 show the nucleotide and deduced 
amino acid sequence of a Schizochytrium cDNA clone. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In order to ensure a complete understanding of the invention, the 
20 following definitions are provided: 

A5-Desaturase: A5 desaturase is an enzyme which introduces a double 
bond between carbons 5 and 6 from the carboxyl end of a fatty acid molecule. 

A6-Desaturase: A6-desaturase is an enzyme which introduces a double 
bond between carbons 6 and 7 from the carboxyl end of a fatty acid molecule. 

25 A9-Desaturase: A9-desaturase is an enzyme which introduces a double 

bond between carbons 9 and 10 from the carboxyl end of a fatty acid molecule. 
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FastA Match of ma29 and contig 253538a 



SCORES Initl: 
Smith-Waterman score 



117 Initn: 225 Opt: 256 
408; 27,0% identity in 441 aa overlap 



10 20 30 40 50 

ma29gcg.pep MGTDQGKT-— FTWEELAAHNTKDDLLLAIRGRVYDVTKFLSRHPGGVDTLLLGAGRDVT 
Ml I I I : I : I : : :: I : I : I t : ::: 1 I I t I I :: I I : I : t 
253538a QGPTPRYFTWDEVAQRSGCEERWLVIDRKVYNISEFTRRHPGGSRVISHYAGQDAT 

10 20 30 40 50 



60 70 80 90 100 110 

ma29gcg.pep PVFEMYHAF-GAADAIMKKYYVGTLVSNELPIFPEPTVFHKTIKTRVEGYFTDRNIDPKN 

........I ;.J J. A I.:.;. ;J.....U.J. I .1 JM I I : : : 

253538a DPFVAFHINKGLVKKYMNSLLIGEL-SPEQPSf-^Pf t&Kfi^C^^ 

60 70 80 90 100 110 



120 130 140 150 160 170 

ma29gcg.pep RPEIWGRYALIFGSLIASYYAQLFVPFWERTWLQWF-AIIMdFACAQVGLNPLHDASH 
:t: * ' I ::l ::)::::: ||:) lt:l 

253538a ANHVF— FLLYLLHILLLDGAAWLTLWVFGTSFLPFLLCAVLLSAVQAQAGWLQ-HDYGH 

120 130 140 150 160 170 

180 190 200 210 220 

ina29gcg.pep FSVTHNPTVWKXLGATHDF FNGASYLVWMYQHMLGHHPYTNIAGADPDVSTSE 

:il ::| 1:1 :l I ::||l I ::| : II II MM: : 
253538a LSVYRKPK-WNHL—VHKFVIGHLKGASANWWNHRH-FQHHAKPNIFHKDPDVNMLHVFV 
ISO 190 200 210 220' 

230 240 250 / 260 270 280 

raa29gcg.pep PDVRRIKPNQKWF-VNHINQHMFV— PFLYGLLAFKVRIQDINILYFVKTNDAIRV 

•• |.|.. ||....|. II :|::| |::: :::: 

25353Ba LGEWQPIEYGKKKLKYLPYNHQHEYFFLIGPPLLIPMYFQYQI IMTMIVHKNWVDL 

230 240 250 260 270 280 

290 300 310 320 330 340 

ma29gcg,pep NPISTWHTVMFWGGKAFFVWYRLIVPLQYLPLGKVLLLFTVADMVSSYWLALTFQANHW 
:| : :: M: I :): I II :|t::: :: MM: : I M:l 

253538a AWAVSYYI RFFITY IPF-YGILG-ALLFLNFIRFLESHWFVWVTQMNHIV 

290 300 310 320 330 

350 360 370 380 390 

iQa29gcg.pep EEVQWPLPDENGIIQKDWAAMQVETT QDYAHDSHLWTSITGSLNYQAVHHLFPNVS 

M I::: :M : t: :| M: :l II I M:l IIMt:: 

253538a MEI DQEAY— RDWFSSQLTATCNVEQSFFND WFS— GHLNFQIEHHLFPTMP 

340 350 360 370 



400 410 420 430 440 

ma29gcg.pep QHHYPDILAIIKNTCSEYKVPYLVKDTFWQAFASHLEHLRVLGLRPKEEX 

:l: I ::|: I::: : I I 
253538a RHNLHKIAPLVKSLCAKHGIEYQEKPLLRALLDIIRSLKKSGKLWLDAYLHKX 
380 390 400 410 420 430 
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